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Abstract
The search for natural, biocompatible and degradable materials amenable to be used in biomedical/analytical
applications has attracted attention, either from the environmental or medical point of view. Examples are
the polysaccharides extracted from natural gums, which have found applications in the food and pharmaceu-
tical industries as stabilizers or thickening agent. In a previous paper, however, it was shown that a Brazilian
natural gum, chicha (Sterculia striata), is suitable for application as building block for nanostructured film
fabrication in conjunction with phthalocyanines. The films displayed electroactivity and could be used in
sensing. In the present paper, we introduce the use of two different natural gums, viz., angico (Anadenan-
thera colubrina) and caraia (Sterculia urens), as active biomaterials to be used to modification layers, in the
form of nanostructured thin films, including the study of dopamine detection. The multilayer films were as-
sembled in conjunction with nickel tetrasulfonated phthalocyanines (NiTsPC) and displayed good chemical
and electrochemical stability, allowing their use as transducer elements in sensors for detection of specific
neurotransmitters. It is suggested here that nanoscale manipulation of new biodegradable natural polymers
opens up a variety of new opportunities for the use of these materials in advanced biomedical and analytical
devices.
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1. Introduction
Polysaccharides are high-molecular-weight polymers, in which the monomers are
linked by glycosidic bonds [1]. Typical forms of neutral polysaccharides are galac-
tomananas, guar, cellulose and starch, whereas anionic ones are represented by
alginates, carragenans, xantane and exudate gums such as caraia and chicha [1].
In this case, the anionic lateral groups are usually carboxylic acids, including glu-
coronic, galacturonic, manuronic and guluronic, or sulfate groups, as in the case
of carageenan [1, 2]. Traditionally, natural gums have found applications in the
food and pharmaceutic industries as stabilizers and thickening agent, and have
been obtained from mainly tree exudates (arabic, caraia), algae (agar, alginate and
carrageenans), seeds (guar) or microbiologic fermentation (gelanes and xantanes)
[1, 3]. Recent investigations have pointed to the fact that the specific properties of
each gum arise from the combination of type and molecular weight of the monosac-
charides [3–5]. Also worth mentioning is the ability of natural gums to form films,
which in addition to the presence of charged groups in the chain, allow their use as
polyelectrolytes with potential applications as building blocks for multilayer thin
film formation [6].
Phthalocyanines (PCs) have long been used as dyes and/or active materials in
opto-electronic devices [7–11]. PCs have four benzenic rings and 18 π -electrons
in the macrocyclic ring, which are responsible for the high reactivity [7–9]. The
presence of a metallic center capable of coordinating with different elements, in
conjunction with substituent lateral groups, may drastically affect the PC properties.
Examples include the tetrasulfonate phthalocyanines which are water-soluble due
to the presence of four SO3− groups [7–9, 11].
In a previous publication [6] it was shown for the first time that metallic PCs may
be assembled in conjunction with chicha gums to form stable, electroactive thin
films, in which the nanoscale-sized layers could be easily formed upon adsorption
from water solution using the layer-by-layer (LbL) technique [11–14]. Briefly, the
LbL technique is based on the alternate adsorption of layers of materials bearing
opposite charges, leading to the formation of three-dimensional networks [12, 14].
In addition to the experimental simplicity, the LbL technique is characterized by the
self-assembly regulation in which the system adopts the adequate configuration as
a function of parameters such as pH and ionic strength [14].
In this paper we investigate the unique properties of novel nanostructured films
comprising nickel tetrasulfonated phthalocyanines (NiTsPC) assembled with two
natural gums, viz., angico and caraia, for biomedical sensing devices fabrication.
For comparison, films containing chicha and NiTsPC are also reported. Since both
NiTsPC and gums are polyanionics, layers of the cationic poly(allylamine hy-
drochloride) (PAH) were interposed between the gum and NiTsPC, in a tetralayer
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fashion. The tetralayer films displayed electroactivity and were characterized using
spectroscopic and electrochemical methods. Due to their good stability, films con-
taining angico and NiTsPC were employed as modified electrodes for dopamine
(DA) detection. Both sensitivity and selectivity of the sensors units were investi-
gated in the presence of natural interferents such as ascorbic acid (AA).
2. Materials and Methods
Angico (Anadenanthera macrocarpa Benth) and chicha (Sterculia striata) Brazilian
natural gums were collected at Teresina city, Piaui state, Brazil, in August, 2004.
Caraia (Sterculia urens) was acquired from Synth. The gums were isolated and
purified using sodium salt as described elsewhere [15]. NiTsPC and PAH were ac-
quired from Aldrich and used as aqueous solutions at 0.5 mg/ml and pH 2.5. The
gum solutions were employed at 5 wt%.
Nanostructured layered films were assembled in a tetralayer fashion according
to the sequence (PAH/gum/PAH/NiTsPC)x , where x is the number of tetralayers.
The deposition of each layer comprised the immersion of the substrate in the dip-
ping solution for 5 min, followed by rinsing in the washing solution (HCl, pH 2.5)
and drying in N2 flow. Films containing 2, 5, 8 and 10 tetralayers were assem-
bled on glass, Au-covered glass and indium tin oxide (ITO)-covered glass plates.
Film growth was monitored using UV-Vis absorption spectroscopy upon collect-
ing the electronic spectra after each tetralayer deposition using a Hitachi U-3000
spectrophotometer.
Electrochemical measurements were carried out using a PGSTAT 30 potentio-
stat and a three-electrode cell, in which tetralayer films containing 2, 5, 8 and 10
bilayers deposited on ITO were used as work electrodes. A platinum foil and satu-
rated calomelan electrode (SCE) were used as the counter-electrode and reference,
respectively. All the experiments were performed in inert N2 atmosphere at room
temperature in an electrolytic solution (0.1 M HCl). The PAH/angico/PAH/NiTsPC
films were subjected to dopamine detection via cyclic voltammetry in which DA
and AA were added to the electrolytic solution at concentrations ranging from 1.4
to 12.5 mM.
3. Results
3.1. Growth of the LbL Films
An interesting characteristic of PCs is their strong absorption in the visible region
of the spectrum, at ca. 670 nm (Q-band) [7–9]. For the NiTsPC used here, the
presence of sulfonic groups linked to the PC ring shifted the Q-band to 623 nm,
as shown in Fig. 1 (for a NiTsPC aqueous solution). Also important to note is that
after immobilization in the film, in conjunction with PAH as the cationic polymer,
the Q-band is shifted to even lower wavelengths, in this case 615 nm. Bands from
both solution and film are related to the absorption of dimeric species, whereas
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Figure 1. UV-Vis spectra of (A) the NiTsPC solution and (B) a 10-tetralayer PAH/chicha/
PAH/NiTsPC film.
the shoulder at ca. 654 nm corresponds to monomeric species [7–9, 14, 16]. The
dimeric species refer to a system comprising two phthalocyanine molecules linked
by a bridge atom, usually an O, N or C atom [7–9].
The multilayer deposition was investigated upon monitoring the increment
in the electronic absorbance of the film after deposition of each tetralayer.
Figure 2 shows the maximum in the absorbance as a function of number of
PAH/chicha/PAH/NiTsPC 10-tetralayers. For comparison, data from a 10-bilayer
film comprising PAH/NiTsPC is also shown.
The ability of the natural gums to form nanostructured thin films is crucial for
their use in biomedical sensing devices. The linear increment of the absorbance as a
function of number of bi/tetralayers shown in Fig. 2 suggests that a similar amount
of material is adsorbed after each deposition step, characteristic of self-regulated
systems, in agreement with previously reported papers [6, 12, 16]. A slight increase
in the deposition efficiency may be observed for the system containing the chicha
gum. The latter was attributed to the interposition of the gum in the multilayer
architecture, which increased the amount of adsorbed PAH molecules (compared
with films containing only PAH/NiTsPC), resulting in a higher number of amino
groups available for NiTsPC binding. Among the three gums investigated, angico
contains the highest concentration of arabinose (68%), whereas chicha contains the
highest amount of uronic acid (42%), as shown in Table 1 [4, 5, 17]. Both arabinose
and uronic acid contain electronegative atoms in their structure, which provide the
negative charged sites for PAH anchoring.
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Figure 2. Linear increment in the absorbance at 615 nm as a function of number of bi- or tetralayers
for films assembled with different gums.
Table 1.
Chemical composition of chicha, caraia and angico gums
Chicha gum (%) Caraia gum (%) Angico gum (%)
Uronic acids 42.2 37.6 7.0
Galactose 23.4 26.3 24.1
Ramnose 28.8 29.2 2.0
Arabinose – – 67.8
3.2. Electrochemical Characterization
The natural gums employed here did not display electroactivity in the potential
window analyzed (+0.1 to +0.9 V); however, their presence in the films led to an
increment in the electric response signal, as shown in Fig. 3 for films containing 10
tetralayers, compared to films containing only PAH and NiTsPC (inset of Fig. 3).
The electrochemical response increased in the sequence: caraia < chicha < angico.
It is important to note that the anionic character of the gums increases in the same
sequence, suggesting that the higher the number of anionic sites, the more efficient
the PAH deposition (via electrostatic attraction) and, consequently, the higher the
amount of NiTsPC adsorbed in the films.
The unique electrochemical properties of PCs, evidenced in this study, are mainly
related to the presence of nitrogen atoms in the macrocycle, which are capable
of coordinating with free electrons from the metal center, resulting in the occur-
rence of redox reactions between the metal atom and the macrocycle [7–9]. The
PAH/NiTsPC films exhibited two well-defined oxidation processes at 0.57 V, at-
tributed to the metal center oxidation (Ni(II) → Ni(III) + e−) and at 0.77 V (due
to macrocyclic Ni(II)TsPC4− → Ni(II)TsPC6−) [7–9, 18] (inset of Fig. 3). The re-
duction peaks were located at 0.75 V and 0.65 V. Interestingly, for gum-based films
containing more than two tetralayers, only the redox process from the macrocycle
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Figure 3. Cyclic voltammograms for 10-tetralayer films containing angico, chicha or caraia gums.
Inset: cyclic voltammogram for a 20-bilayer PAH/NiTsPC in 0.1 M HCl at 50 mV/s.
Table 2.
Oxidation potentials for 5-(bi) tetralayer films
Film Ep1 (V) Ep2 (V)
PAH/NiTsPC 0.57 0.77
PAH/angico/PAH/NiTsPC Not observed 0.73
PAH/chicha/PAH/NiTsPC Not observed 0.80
PAH/caraia/PAH/NiTsPC Not observed 0.76
was observed, at potentials varying from 0.73 V (for angico-containing films) to
0.76 V (for caraia-containing films) and 0.80 V (for chicha-containing films), as
shown in Table 2. The small shift to lower potentials observed for films containing
the gums may be an indicative of electrocatalytic effect. A possible explanation for
the non-occurrence of oxidation of the metal atom in the gum-based films (in the
potential range analyzed) may be the presence of strong electron-acceptor groups,
such as carboxyl, from the natural gums, which reduces the charge of the macrocy-
cle in a way that a higher potential is required for the reaction [19].
Since the PAH/angico/PAH/NiTsPC films displayed the higher electrochemical
response (macrocycle oxidation at 0.73 V), this system was employed in all subse-
quent electrochemical experiments, as in the study of the electrochemical stability,
in which the films were subjected to cyclic voltammetry (CV). After 15 cycles, the
response current is maintained (not shown), which suggests that the active sites are
preserved in the tetralayer architecture, without any detectable degradation.
The electrochemical response of a 10-tetralayer PAH/angico/PAH/NiTsPC film
was investigated collecting the cyclic voltammograms at different scan rates. The
voltammograms are shown in Fig. 4. It was observed that the anodic current varies
linearly with the scan rate, and the difference between anodic and cathodic peaks
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Figure 4. Ciclic voltammograms with different scan rates for a 10-tetralayer PAH/angico/
PAH/NiTsPC film. Electrolyte: 0.1 M HCl. Inset: Linear relation between Ipa and V .
is lower than 59 mV. The linear dependence of the current on the scan rate (inset
of Fig. 4) is also indicative of a charge transfer mechanism, typical of modified
electrodes containing redox polymers [20, 21]. In this case, electron transfer occurs
via hopping between charged neighboring sites [16].
3.3. Influence of Number of Tetralayers and pH on the Properties of the Film
The electrochemical profile of modified electrodes containing multilayer films may
be affect by film thickness, especially in the cases where one of the film components
is an isolating material, making it difficult for the ions from solution to permeate
through the film [17, 22]. PAH/angico/PAH/NiTsPC films containing two tetralay-
ers exhibited both redox process attributed to metal atom and macrocycle, similar
to what was observed for PAH/NiTsPC bilayer films. The results are depicted in
the inset of Fig. 5. For films containing 5 PAH/angico/PAH/NiTsPC tetralayers,
however, the first redox process from the metallic center is not observed. The latter
is probably due to the higher resistivity exhibited by this film, which hampers the
oxidation of the metallic center. As expected, films containing 8 and 10 tetralayers
displayed higher values of redox current, due to the higher amount of NiTsPC in the
films. An increase in the potential was also observed as the number of tetralayers
increased. A good balance between intensity of the response signal and potential
was obtained for angico-containing films with 5 tetralayers.
In electrochemical systems, many parameters including the type of anion and
pH of the electrolytic solution are known to influence the electrochemical response
of the films [23]. The influence of pH of the electrolytic solution on the response
profile of a PAH/angico/PAH/NiTsPC tetralayer film was investigated. According to
the voltammograms in Fig. 6, the lower the pH, the higher the electrolytic response
of the films, which is due to the increase in the solution conductivity, as well as the
decrease in the electrical double layer thickness [23]. At pH 1 the oxidation peak
is well defined and the current was ca. three times higher that that found for pH 5.
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Figure 5. Variation of the number of tetralayers for the PAH/angico/PAH/NiTsPC LbL film in 0.1 M
HCl at 50 mV/s. Inset: Electrochemical activity for the film containing 2 tetralayers.
Figure 6. Variation of the electrochemical activity of the 10-tetralayer PAH/angico/PAH/NiTsPC LbL
film for different pH of the electrolytic solution. Scan rate: 50 mV/s.
The electron transfer process is influenced by pH, since at lower pH values a higher
concentration of counter ions is found in the electrolytic solution [6, 23].
3.4. Application of Modified Electrodes for Dopamine Detection
Dopamine (DA) is an important neurotransmitter found in mammals, the absence of
which may cause degenerative diseases such as Parkinson and Alzheimer [24, 25].
AA is present at very higher concentrations in biological fluids, in comparison to
DA, being a natural interferent for DA detection. Both DA and AA are electroactive
and undergo oxidation to dopaminoquinone and dehydroascorbic acid, respectively.
The latter has allowed the use of electrochemical methods to detect DA and AA
either in vitro or in vivo. Although electrochemical detection of DA is advantageous
in terms of low cost and fast response time, it is usually limited due to the presence
of possible interferents, such as the AA, serotonine, etc.
Ten-tetralayer films of PAH/angico/PAH/NiTsPC were employed as modified
electrodes for DA detection. The measurements were carried out upon adding small
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aliquots of DA to the electrolytic solution, varying the total DA concentration at the
cell from 1.4 to 7.9 mM. Figure 7 shows the increase in the oxidation current as
a function of DA concentration. Upon linear regression, a calibration curve could
be obtained (inset of Fig. 7). Parameters such as pH, number of tetralayers and
film architecture may influence the values of limit of detection (LD) in multilayer
films-containing modified electrodes. We estimated a limit of detection (LD) of
63 µM, using three times the signal to noise ratio, which is in agreement with other
recently reported modified electrodes comprising nanostructured systems [6, 16].
The sensitivity was estimated at 5.08 µA/mmol.
The ability of the electrodes to differentiate between DA and AA was investi-
gated for a 10-tetralayer PAH/angico/PAH/NiTsPC film, as shown in Fig. 8. Ini-
tially, voltammograms were collected in the presence of different amounts of AA
(not shown). A linear increase in the oxidation current was observed for AA con-
centrations ranging from 1.4 to 12.5 mM. The LD calculated for AA was 61 µM.
Figure 7. Cyclic voltammograms for detection of DA in concentrations from 1.4 to 7.9 × 10−3 M, in
0.1 M HCl at 50 mV/s, for the (PAH/angico/PAH/NiTsPC)10 film. Inset: calibration curve (I vs. C)
for detection of DA.
Figure 8. Electrochemical activity of the (PAH/angico/PAH/NiTsPC)10 LbL film in the presence of
DA and AA, simultaneously, both 6.67 × 10−3 M, in 0.1 M HCl at 50 mV/s.
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Figure 8 shows the voltammograms collected in the presence of both DA and AA.
As one may observe, the PAH/angico/PAH/NiTsPC modified electrode is more sen-
sitive to AA than DA. An oxidation peak at 0.71 V is clearly identified; however, it
was not possible to differentiate between DA and AA.
4. Conclusions
Electroactive nanostructured films using chicha, angico and caraia natural gums as
active sensor materials were successfully assembled in the form of ultrathin films.
A linear film growth was observed for all systems employed; however, the use of
a tetralayer architecture in combination with angico gum resulted in a more effi-
cient adsorption. Angico-containig films also displayed improved electrochemical
properties, in comparison to the other gums, which allowed their use as modified
electrodes for dopamine detection. In this case, the system exhibited a good stabil-
ity in a wide range of pH, with a detection limit for DA of 6.3 µM. We believe that
the manipulation at the nanoscale of new natural polymers, as shown here, opens up
a variety of new opportunities for the use of these materials in advanced biomedical
and analytical/implantable devices.
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